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1. Background

Calculation of large-scale condensation in NMC models has typically

used a saturation criteria set at a fraction of the saturation specific

humidity, qs:

'f cf fecend) t - 4 , (,{l}b) t(1)

For example, might have a value of 0.9. Forecast values of specific

humidity q for a grid box are then compared with ( p) instead

of qs.

a -4 : No saturation (2a)

> : Saturation (2b)

This procedure presumably has been used to allow for the fact that atmos-

pheric variables are not uniform in a grid box, that this is especially

critical with respect to condensation, and that it is therefore unreasonable

to delay the computed occurrence of saturation until q=qs in the entire

box.

This procedure has several disadvantages, at least from a conceptual

viewpoint.

a. Since qs is largely proportional to the saturation vapor

pressure es(T), and the latter is largely proportional to the latent

heat L, the factor has in effect reduced L. This could artifically

reduce the destabilizing effect of large scale precipitation on stable

large-scale motion by leading to smaller values of released latent heat.



b. The criteria (2) results in a relatively sudden onset of con-

densation throughout the grid box. This is not faithful to the (presumed)

view of (1) as a device to allow for nonhomogeneity, in which condensation

should first occur only in the moist parts of a grid box.

c. Since the large-scale q is limited by ,4 f f t ,the

computation of a moist adiabat for use in moist convection parameter-

ization, would, if based on a lifting-level computation, have to use (2)

in determining the LCL. (If/ were not used in the LCL computation, the

resulting moist adiabat would be colder than desirable). On the other

hand, if the air in the layer that is lifted to its LCL already has a q

almost equal to/ 4qs, there is no opportunity for (2) to Tarif the LCL

as a compensation for the restriction f / 4. (i.e., the model has

been prevented from obtaining q values betweenf land qs.)

Some of these problems can be "overcome" by ad-hoc devices. However,

the original intent of (1) can be met by a very simple recognition of

the variability of q in a grid box that seems to lead to fewer paradoxes

requiring ad-hoc modifications than does the use of / .

2. Treatment of Variable Specific Humidity

Let q represent the value of specific humidity

ee (3)
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that has been provisionally forecast for a grid box just prior to a

condensation adjustment near the end of a time step (i.e. advection of

q, small-scale turbulent mixing of q, and evaporation from the ground/

ocean has been calculated). Let T represent the same type of value for

temperature, including all effects except release of latent heat.

Before describing the treatment of a hypothesized non-uniform q, it

is necessary to fix on the details of the condensation adjustment process

for a uniform parcel. This is patterned after the familiar irreversible

constant enthalpy isobaric process used for the thermodynamic treatment

of the wet-bulb. Given the provisional T and the pressure p of the

sample,

?p - yt- C)e tT) (4)

can be computed. If / > , condensation occurs. If ' <i we

expect condensation during which enthalpy is conserved and q is changed

to

14~ 4tT(5)

From (4) we can derive the relation

The enthalpy conservation can then be stated

cf (Te T) L L g - W Io)
(7)
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This enables Tnew and qnew to be computed

wr = Te- (8)

isw r t i t4Uw7T) (9)

where the factor is given by

I

C< _ ' -(10)

We now suppose that in a grid box the q values have an assumed

distribution centered on the provisionally forecast value qo. For

simplicity we specify this as a uniform distribution between

qO(min) = qo(1-4) and qo(max) = qo(l+4), where 4 is an experimentally

fixed constant.

0 _1 ,

q(ql) is the probability that ql<q<ql+dq.

Given the uniform T and p of the grid box we can compute qs(T,p).

Three cases exist.

Case I:

YEA t~~z~~} s~tlsa} (11)'

No saturation occurs in this case.



Case II:

ja- < gob) '00-d)

The entire box is saturated, so that (8) and (9) apply directly:

Cas T tI 3 LI-. g tr)7vI :
Case I -1 :- ) .

Case III:

zz f .4 t< ag /td).

This corresponds to partial saturation of the box in

q>qs is saturated.

- 0

0- - - i T

which the portion with

-1 

(15)

-7- 4 cr I)

In the above diagram the saturated point to the right of point

a fraction

= so (it A) ! 4

a A 1

0 will occupy

(16)

of the box. We imagine that firstly, each saturated element to the right of 0

will experience a temperature change gT and moisture change Sq given

by (8) and (9) for its initial q and T:

~ST=0[,- r P- 9 g (17)
9 - 4
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(13)

(14)
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would be the same as if4 were zero. In a weak process we expect to find qs

between q(1-d) and q(1+d).

The simplest example to model is a hypothetical case of "pseudo-adiabatic"

expansion. The change in pressure 9p experienced by a parcel in a time step

St can be related to convergence fields in a numerical model by setting

S~ ~ ~~A evJ %0 1

where 4 p50 obs, c =300msec is the speed of an external gravity wave,

and Ax is the horizontal grid increment of the model. For c=300 msec- 1 and

4ii:1 Spt.t & b):..g a /Iv..rI/seLAnd t = 4 minutes. We can therefore

consider a pressure decrease of 1 cb per time step as arising from a

very intense low level convergence field of size 0.8x10-4sec-1,

while a change of 0.1 cb per time step corresponds to a horizontal convergence

of 0.8x10-5sec-1. The former approaches the expansion rates in the

eye wall of a hurricane, and the latter is like that expected in an

intense extratropical cyclone.

Table I shows the results of carrying out the expansion with Sp = 1 cb

starting with a parcel at 100 cb, T=25°C, and a specific humidity of 0.017921.

The initial relative humidity is 90 per cent, and the condensation begins at

97.4 cbs.* The first three columns show the adjusted T (Centigrade) and

* Saturation vapor pressures were computed with the formula

e eb) 40v,1z0// /T etp fto-*10 - T.3)])
where

T3 = 273.16 (triple point)
a = 5.0065 = (C-Cpv)/Rv

b=19.83923 = Lv3/RvT3.

c = 4187 kj ton-1 deg -1 is the specific heat for liquid water and

Lv3 = 2.501x106 kj ton-1 is the latent heat of vaporization at the triple
point. Dry adiabatic expansions were computed with the customary approximation
of using the R/Cp ratio for dry air.



Secondly, we imagine that these individual changes are averaged over the

box to produce the net changes in T and q. Thus

-T + - &T..,
r (18)

h(7A -T).
are iv a {;; ) (19)

(Note that (18) agrees with (13) when f=l at I4 - { d'4) .)

The virtues of this approach over the saturation criterion devicek

are primarily conceptual in nature.

a. The number A can logically be set proportional to the size

4 e 4 p of the grid element.

b. The conflict between (1) and moist adiabatic lapse rates for

convection calculations is readily resolved by the simple device of assuming

that q(max) = q(1+) should be used to get the LCL for a cloud parcel,

on the natural assumption that it is the moistest regions in a box that

are likely to become cumulus clouds.

c. The f2 term in (18) means that condensation will begin as a

very gradual process.

3. Examples

The behavior of this condensation scheme depends on the location of qs

with respect to the assumed range q(1-A) to q(l+A) at the time of a saturation

adjustment. This location will in turn depend on the intensity of the meteoro-

logical process causing condensation. In a very intense process we must expect

that qs will tend to be smaller than q(1-4), and the new adjustment calculation



adjusted q as computed for = 0, i.e., as a straightforward "pseudo-adiabatic"

computation. (These results are indistinguishable from the lines

on the WB1041 thermodynamic chart used at NMC.) The next 8 columns

show the differences (dT=T(4)-T(O) and dq = q(A)-q(O)) of computations

made with the indicated value of a from those with = D. The differences

are small. Typically dT reaches a maximum (becauseA >0 implies earlier

attainment of saturation than when A = 0), and then decreases. The f values

quickly became equal to 1 for4 = .025 but only slowly reached a value of 0.94

at 50 cbs ford = 0.1 (The larger4 values evidently define some fraction of q

as unsaturated even for this large & p.)

Table II shows the same results when cp=0.1 cb (Only every 10th result

is listed for easy comparison with Table I.)** The dT and dq values are larger

than in Table I. Maximum f values were attained at 50 cb (0.61, 0.44, 0.36 and

0.31) but were significantly smaller than for Sp=1 cb. This is because the

smaller Sp values correspond to a smaller dry adiabatic decrease of T and a

smaller decrease in qs in a single time step.

For the very intense adiabatic lifting process listed in Table I the

process curves for 0< <0.1 are only slightly warmer than the "true" moist

adiabatic give by A =0. In the moderately intense process listed in Table

II, the process curves for 0<4 <0.1 are warmer by up to 0.7°C than the "true"

moist adiabat in the lower levels.

** There is a slight difference between the T and q for A =0 on this table
from those in Table I, equal , at 50 cb, to about 10% of the changes that
occur in Sp=1 cb. This can be viewed as a "truncation error" arising from
the finite size of 4t or 6p. The difference of 0.9° in the second column

at 50 cb suggests that some of the negative dT's in Table I are caused by this
"truncation error".
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The pseudo-moist adiabat (4 =0.) obtained by using Sp=0.1 cb

but starting with p=100, T=25°C and a moister qo corresponding to (1.1)x

(.017921) represents the process undergone by a saturated parcel whose

moisture is equal to the moistest extreme of theid= 0.1 set of Table II.

Its temperatures are warmer than those for the To = 0.17921 pseudo-moist

adiabat given in column 2 of Table II by an amount equal to 1.26
° at 95

cb and 1.99° at 50 cb. Therefore the temperature differences shown in

the next to last column of Table II indicate that the process curve for

A =0.1 lies between the pseudo moist adiabatic having an initial qo=.01
7 9 2 1

and that with qO=(1.1)X(.017921), as one might expect. Therefore, if

one uses the moist extreme qmax = (1+~)q to compute the moist adiabat

for a convective parameterization process, it will give a T profile that

is slightly warmer than the large-scale process curve computed withptA >0. This is desirable because one does not want the large scale motion

to have a more unstable (warmer) process curve than that assumed to exist for an

individual cloud. The differences are shown on Fig. 1.

The above examples of rapid decrease of pressure on a moist sample

have been computed to show that (for at least d < 0.1) this description

of the saturation process does not produce large scale process curves that are

significantly different from a moist adiabat. This knowledge is necessary

in order that parameterization of moist convection - a step taken to eliminate

ordinary moist instability on the large scale - will not have to cope with Ony

unusual instability properties that are introduced by the use of A . A more

common condensation occurrence is that of slow ascent of stable saturated

air in mid troposphere in a typical extratropical cyclone. This can be modelled

simply by a weaker expansion with Sp = 0.02 cb, corresponding to an upward

vertical velocity of 1cm/sec at 70 cb and a time step of 4 minutes. The
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interest here is in the time of onset of precipitation. I took a sample

at 70 cb, T = 10°C and a specific humidity of 9.873 gm/kgm (a relative

humidity of 90 per cent). The attached figure shows the accumulated

condensate (9.873-q) as a function of pressure for the 5 A-values over

the 16 hour period it would take this sample to be lifted to 65 cb.

The five curves are very simple. If we ignore the short initial

curved part on the A =0.1 curve, its straight line extension would intersect

the x-axis at p=6 9.55 cb. The A =0 expansion of this sample reached

saturation at 68.4 cb. The parallelism of the A =0.1 and =0.0 curves

suggests that we may consider the A =0.1 curve to be partly equivalent

to the use of a reduced saturation criterion / , as discussed at

the beginning of this note. We can then rewrite the approximate

lifting condensation level ratios between the A =0 curve and the A =0.1 curve

in terms of 4 :

f4i A I fs If
_ ~ ~ ~ 1 .~4S

(The pressure decrease necessary for saturation is proportional to the saturation

deficit.) Replacing q by 0.9 qs we find

This relation is comfortably simple but it must be remembered that the major

differences between using the saturation criterion /4 and the 4 concept

is that the former lowers qs (and then q) while the latter acknowledges the

presence of q values in excess of q and does not change the fundamental defini-

tion of qs.
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